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Abstract 
Soft clays were a type of fine-grained soils which 
change volume when different from elastic 
deformation, consolidation and secondary 
compression. Soft clays defined as a disturbed 
cohesive soil whose water content is higher than its 
liquid limit; such materials display extremely low 
yield stresses and represent difficult construction 
conditions. The objectives of this study are to 
determine the chemical and index properties, and to 
correlate between chemical test and index properties. 
This paper describes the laboratory evaluation of soft 
clay, taken at RECESS Research Centre, Southern 
Johor and Kg. Mat Lagam, Terengganu, Peninsular 
Malaysia in undisturbed conditions at depth of 0.5 m 
to 3.0 m. For index properties, test results shows that 
the soft clay soils were categorized as silty clay with 
53.95 % to 74.65 % of natural moisture content and 
specific gravity of 2.52 to 2.66. The distribution of 
soil is 84 % to 89 % of silt and 8 % to 16 % of clay. 
Atterberg limit test shows that soft clays content 47.2 
% to 73 % of liquid limit, 19.83 % to 34.28 % of 
plastic limit and 18.82 % to 31.90 % of plasticity 
index. As for chemical properties, the chemical 
compositional determination of the silty soils of 
South-West Peninsular Malaysia such as pH values 
and % loss on ignition (LOI), and conductivity will be 
determined. The results show that the pH values are in 
the range of 6.23 to 7.52. The conductivity is in range 
of 565 µm/s to 1587 µm/s. The results of organic 
content given by X-Ray Diffraction (XRF) in LOI test 
give result in range of 2.4 % to 3.2 %. The 
engineering properties such as index and chemical 
properties are important in structure design and 
construction to ensure safety for a building. As for the 
soil compositions, it shows that the higher values of 
clay particles, it will generated the higher values of 
plasticity index, natural moisture contents, organic 
matters, and lower values of specific gravity. 
Keywords: Soft Clay, Index Properties, Chemical 
Properties. 
 
1. Introduction 
Peninsular Malaysia extends from latitude 1º 
20’N to latitude 6º 20’N and longitude 104º 20’E.  
The total of length of the peninsular is about 804 km 
and it covers an area of 131 794  km2.  About one half 
the total areas is covered by granite and other non-
volcanic igneous rock, one third by stratified rock 
older than the granite and the remainder by alluvium 
[1].  That means there are about 20 % of the land area 
is underlain by soft deposits [2].  The soft deposits 
occur mainly in the coastal plains.  
The formation of coastal soft soil deposits in 
Peninsular Malaysia are greatly affected by the 
changes in sea level during the Pleistocene and 
Holocene period. The changes in sea level are 
associated with transgression and regressions of the 
sea which has led to the mixing of various materials 
which were deposited in different depositional 
environments [3]. 
Soft clay is a type of fine-grained soils which 
always bring the problems of soil unstable and 
structure settlement. Therefore, the construction of 
buildings, road, bridges canals and railway in soft 
clay has always been associated with stability 
problem and settlement [4].  
Clays are formed by the geological weathering 
of the earth's surface. The rock and stone that make up 
the earth's crust erode into microscopic particles to 
form clays. Soft clays can be defined as a soft earth, 
which is plastic, or may be molded with the hands, 
consisting of hydrous silicate of aluminum. It is the 
result of the wearing down and decomposition, in 
part, of rocks containing aluminous minerals, as 
granite. Lime, magnesia, oxide of ferum, and other 
ingredients, are often present as impurities. 
Determination and discussion of the correlation 
between index and chemical composition of soft clay 
are the main objectives of this paper.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Malaysian Soft Clay Soils Distribution Map       
               [5]. 
 
2. Background and Literature Review 
  
2.1 Soft Clays 
Soft clays’ particles are flaky. Their thickness is 
very small relative to their length and breadth. Soft 
clays can be defined as a soft earth, which is plastic, 
or may be molded with the hands, consisting of 
hydrous silicate of aluminum [6].  
The mineralogical composition of true soft clays 
is distinctly different from other mineral composition 
of the other type of soils. Almost all soft clays 
minerals are crystalline minerals which consisting of 
an orderly and repetitious arrangement of molecules 
to produce a sheet-like structure. There are three main 
groups of soft clay minerals which are kaolinites, 
illites and montmorillonites. 
Soft clays also defined as a disturbed cohesive 
soil whose water content is higher than its liquid limit; 
such materials display extremely low yield stresses 
and represent difficult construction conditions [4]. 
The design of foundation on soft clay has been the 
concern of engineers since the beginning of soil 
engineering. The basic requirements of designing 
foundation on soft clay are that the design should be 
safe against shear failure and the amount of settlement 
should be tolerable. The shear consideration is 
theoretically important. To estimate the amount of 
settlement, it is necessary to study the loaded depth of 
the footings and the consolidation characteristics of 
the soft clay. 
 
 
2.2 Index Properties 
Information of index properties of soil is very 
important for formulating the type and design criteria 
of foundations before any construction of a building 
where it will be needed by the geotechnical engineer. 
The properties of soils are not only related with the 
soil types, but also with the grain arrangement and 
natural moisture content of the soils which is very 
important. 
Index properties of a soil sample, including 
amount of particle soils, ratio of dry mass particles to 
the saturated mass particle, soil classification and 
natural moisture content. Some of these properties are 
directly measured and some are calculated based on 
measurement. Particle analysis, specific gravity, 
atterberg limits and soil natural moisture content are 
the most common tests to determine the index 
properties of a soil sample. 
 
2.2 Chemical Properties 
The detailed chemical composition of soil is of 
little interest for civil engineering purposes, but the 
presence of certain constituents can be very 
significant. These include organic matter, sulphates, 
carbonates and chlorides. The pH reaction (acidity or 
alkalinity) of the groundwater is also importance. 
Laboratory test of chemical properties is usually for 
determination of pH value, conductivity, sulphate 
content, organic content, carbonate content and 
chloride content. 
 
2.3 Correlations 
In general, there are more than one empirical 
correlation are available to derive each particular soil 
properties. Besides, the accuracy of estimations is 
highly dependent on selection of the appropriate 
correlations for the respective material. Use of 
available laboratory soil test results, as well as any 
other available collateral information to select the 
right correlation formula for each soil material can 
increase significantly the confidence in the estimated 
parameters. Table 1 show some correlations which 
formulated from previous researchers on soft clay. 
 
 
 
 
 
 
 
 
 Table 1. Correlation between the Previous 
Researchers on soft clay of Peninsular Malaysia. 
Equation 
Researcher Correlation Upper 
Limit 
Lower 
Limit 
[7] 
Plasticity 
index, Ip, & 
moisture 
content, w 
Ip = 0.68w - 6.8 
Liquid 
limit, wL, & 
clay 
content, C 
wL = 1.92C + 56 
[8] Plasticity 
index, Ip, & 
clay 
content, C 
Ip = 1.09C + 0.57 
Moisture 
content, wc, 
& clay 
content, C 
wc = 
1.93C + 
53 
wc = 
0.43C + 
11 
[9] 
Liquid 
limit, wL, & 
clay 
content, C 
wL = 
1.92C + 
56 
wL = 
0.39C + 
24 
 
3. Methodology  
The soft soils in this study were taken from 
RECESS Research Centre, Johor and Kg. Mat 
Lagam, Terengganu of Peninsular Malaysia. Soil 
samples at different depths were used to analyze the 
variation of index and chemical properties. The 
study of index properties included determination of 
natural moisture content, particles size distribution, 
specific gravity, and Atterberg limits which using 
British Standards 1377.  
 
3.1 Preparing Soil Samples 
The samples were divided into groups and 
given code as shown in Table 2. The soil samples 
were obtained from RECESS Research Centre, 
KUiTTHO. Ten numbers of undisturbed samples 
between 0.5 m and 3.0 m depth from ground were 
taken by using hand auger. All the samples were 
covered with plastic to restore its natural moisture 
content. The preparation of sampling was 
accordance with the British Standard methods, BS 
1377: 1990. Besides, the soil samples from Kg. Mat 
Lagam, Terengganu were obtained by using wash 
boring. Five numbers of undisturbed samples were 
taken at various depths, i.e., at 1.5 m, 4.5 m, 7.5 m, 
10.5 m and 13.5 m. All samples were stored in thin 
walled sampler.  
 
3.2 Laboratory Test 
Laboratory tests are performed under well-
defined and controlled boundary and have the 
benefits of isolating specific engineering properties. 
Soil laboratory test divided into few categories of 
engineering properties, which are index, physical, 
mechanical, hydraulic, chemical, and 
microstructure. There are only two categories of 
laboratory test will be carrying out in this research, 
which are index and chemical properties. Index 
properties include particle analysis, specific gravity, 
atterberg limits and natural moisture content. 
Chemical properties refer to pH, conductivity and 
organic test. Table 3 show the overview of 
laboratory test and the British Standard of each test. 
 
Table 2. Codes of samples for the study. 
 
 
No. Locations Depth (m) Code 
0.5 – 1.0 HA1 
1.0 – 1.5 HA2 
1.5 – 2.0 HA3 
2.0 – 2.5  HA4 
2.5 – 3.0 HA5 
0.5 – 1.0 HB1 
1.0 – 1.5 HB2 
1.5 – 2.0 HB3 
2.0 – 2.5  HB4 
1 RECESS, KUiTTHO 
2.5 – 3.0 HB5 
1.5 – 2.25 SC1 
4.5 – 5.25 SC2 
7.5 – 8.25 SC3 
10.5 –11.25 SC4 
2 Kg. Mat Lagam, Terengganu 
13.5 – 14.25 SC5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 3: Overview of Laboratory Test and British 
Standard. 
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1 Hydrometer Analysis 
BS 1377: 
Part 2: 1990: 
Clause 9.5 
% of 
soil 
particl
es 
2 Specific Gravity 
BS 1377: 
Part 2: 1990: 
Clause 8.3 
Gs 
Atterberg Limits  
(a) Liquid Limit 
BS 1377: 
Part 2: 1990: 
Clause 4.3 
3 
(b) Plastic Limit 
BS 1377: 
Part 2: 1990: 
Clause 5.3 
 
 
wL 
 
 
 
wP 
 
4 Natural moisture content 
BS 1377: 
Part 2: 1990: 
Clause 3.2 
w 
5 pH Test 
BS 1377: 
1990: Part 3: 
Clause 9.4 
pH 
value 
6 Conductivity Test BS 1377: 1990: Part 3 
condu
ctivity 
value 
7 Organic Test 
BS 1377: 
1990: Part 3: 
Clause 9.4  
% of 
Organi
c 
content 
 
4. Results and Discussion 
All the laboratory test results were collected 
and analysis of samples’ index and chemical 
properties was carried out. Besides, analysis of 
comparison was done according to the findings 
from previous researchers who had conducted the 
similar research. 
 
4.1 Particle Size Distribution 
The particles size distributions shown in Table 
4 indicate that the soft clay at RECESS Research 
Centre, Johor consists of about 8.00 % to 15.14 % 
of clay, 84 % to 89 % of silt and 0 % to 3 % of 
sand. Besides, the soft clay at Kg. Mat Lagam, 
Terengganu consists about 16 % to 27 % of clay, 49 
% to 69 % of silt and 4 % to 35 % of sand. From 
the results, clay consumes more than quarter of the 
soil portion, whereas gravel exists only in small 
quantity. These results are quite similar with other 
past researchers in the same area. 
 
4.2 Natural moisture content, wc  
The natural moisture content, wc, with depth is 
shown in Table 4. The range of natural moisture 
content for soft clay at RECESS Research Centre, 
Johor is from 53.95 % up to 74.65 %. Besides, the 
range of natural moisture content for soft clay at 
Kg. Mat Lagam, Terengganu is from 77 % up to 85 
%. The natural water content was increase from 
depth HA1 to HA4. It shows that the increasing of 
natural moisture content when increasing of the 
depth. Figure 2(a) shows the correlation between 
the natural moisture content and depth of samples. 
The equation of the correlation shows in Table 6(a). 
 
4.2 Natural moisture content, wc  
The natural moisture content, wc, with depth is 
shown in Table 4. The range of natural moisture 
content for soft clay at RECESS Research Centre, 
Johor is from 53.95 % up to 74.65 %. Besides, the 
range of natural moisture content for soft clay at 
Kg. Mat Lagam, Terengganu is from 77 % up to 85 
%. The natural water content was increase from 
depth HA1 to HA4. It shows that the increasing of 
natural moisture content when increasing of the 
depth. Figure 2a shows the correlation between the 
natural moisture content and depth of samples. The 
equation of the correlation shows in Table 6(a). 
 
4.3 Specific Gravity, Gs 
Specific gravity, Gs, with depth is shown in 
Table 4. The range of specific gravity for soft clay 
at RECESS Research Centre, Johor is from 2.52 up 
to 2.66. Besides, the range of specific gravity for 
soft clay at Kg. Mat Lagam, Terengganu is from 
2.43 up to 2.53. Figure 2(a) and 2(b) shows the 
correlation between the specific gravity and the 
contents of particles clays. The equation of the 
correlation shows in Table 6(a) and 6(b). Gs value 
of treated soil in this study is quite similar with the 
values reported by other researches. 
 
4.4 Atterberg Limits  
Liquid limit, wL, plastic limit, wP, and 
plasticity index, IP, with depth are shown in Table 
4. The range of liquid limit, plastic limit and 
plasticity index for soft clay at RECESS Research 
Centre, Johor is from 49.1 % up to 73 %, 19.83 % 
up to 41.1 % and 18.82 % up to 33.37 %. Besides, 
the range of liquid limit, plastic limit and plasticity 
index for soft clay at Kg. Mat Lagam, Terengganu 
 is from 78 % up to 92 %, 26 % up to  30 % and 48 
% up to 67 %. Figure 2a and 2b shows the 
correlation between the liquid limit and the contents 
of particles clays. Besides that, the correlation of 
plasticity index with the content of particles clays 
and natural moisture content also made as shown in 
Figure 2a and 2b. All the correlations equations 
were shown in Table 6(a) and 6(b). 
 
4.5 pH Test  
pH value of soil samples with depth are shown 
in Table 5. The range of pH value for soft clay at 
RECESS Research Centre, Johor is from 6.23 up to 
7.53. The pH of the sample shows that the soil is in 
acidic environment range with pH was within 4.56. 
 
4.6 Conductivity Test  
Conductivity of soil samples with depth are 
shown in Table 5. The range of conductivity for 
soft clay at RECESS Research Centre, Johor is 
from 565 µs/cm to 1587 µs/cm. With the increment 
of pH value, the value of conductivity also 
increases. 
 
4.7 Organic Content 
Organic content of soil samples with depth are 
shown in Table 5. The range of organic content for 
soft clay at Kg. Mat Lagam, Terengganu is from 
2.4 % to 3.2 %. The results show the percentage of 
organic content decrease with depth. 
 
Table 4(a). Particle Distribution, Natural moisture 
content, Specific Gravity and Atterberg limits. 
Locations d (m) w (%) Gs 
0.5 – 1.0 58.87 2.57 
1.0 – 1.5 65.25 2.54 
1.5 – 2.0 64.46 2.53 
2.0 – 2.5  74.65 2.52 
2.5 – 3.0 53.95 2.66 
0.5 – 1.0 60.5 2.6 
1.0 – 1.5 73.7 2.52 
1.5 – 2.0 66.9 2.54 
2.0 – 2.5  69.2 2.52 
RECESS 
Research 
Centre, 
KUiTTHO 
2.5 – 3.0 65.7 2.58 
1.5 – 2.25 81 2.51 
4.5 – 5.25 85 2.53 
Kg. Mat 
Lagam, 
Terengganu 
7.5 – 8.25 80 2.5 
10.5 –
11.25 79 2.43 
13.5 – 
14.25 77 2.5 
d: depth; w: natural moisture content; Gs: Specific 
Gravity. 
 
Table 4(b). Particle Distribution, Moisture Content, 
Specific Gravity and Atterberg limits. 
Particles Size 
Distribution (%) Locations 
G Sd St C 
- - 85.8 14.2 
- - 84.93 15.0
7 
- - 86.33 13.6
7 
- - 85.4 14.6 
- - 84.86 15.1
4 
- - 88 12 
- - 86 14 
- 3 89 8 
- - 84 16 
RECESS, 
KUiTTHO 
- - 84 16 
- 7 66 27 
- 23 60 17 
- 11 65 24 
- 4 69 27 
Kg. Mat 
Lagam, 
Terengganu 
- 35 49 16 
nil: no trace; G: Gravel; Sd: Sand; St: Silt; C: Clay. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 4(c). Particle Distribution, Moisture Content, 
Specific Gravity and Atterberg limits. 
Locations wL (%) 
wP 
(%) 
IP 
(%) 
49.7 27.15 22.55 
49.1 26.01 23.09 
58.1 29.14 28.96 
47.2 19.83 27.37 
53.1 34.28 18.82 
54 24.91 29.09 
73 41.1 31.9 
59 30.96 28.04 
64 30.63 33.37 
RECESS 
Research 
Centre, 
KUiTTHO 
55 27.29 27.71 
91 28 67 
89 26 63 
92 28 64 
91 32 59 
Kg. Mat 
Lagam, 
Terengganu 
78 30 48 
wL: Liquid Limit; wP: Plastic Limit; IP: Plasticity 
Index. 
 
Table 5(a). pH test, Conductivity Test and Organic 
Content. 
Locations d (m) pH 
0.5 – 1.0 7.37 
1.0 – 1.5 7.38 
1.5 – 2.0 7.44 
2.0 – 2.5  6.97 
2.5 – 3.0 6.23 
0.5 – 1.0 7.53 
1.0 – 1.5 7.42 
1.5 – 2.0 7.5 
2.0 – 2.5  7.52 
RECESS 
Research 
Centre, 
KUiTTHO 
2.5 – 3.0 7.36 
1.5 – 2.25 nil 
4.5 – 5.25 nil 
7.5 – 8.25 nil 
10.5 –11.25 nil 
Kg. Mat Lagam, 
Terengganu 
13.5 – 14.25 nil 
Nil: no research has been conducted. 
 
Table 5(b). pH test, conductivity test and organic 
Content. 
Locations d (m) Conductivity (µm/s) 
Organic 
Content 
(%) 
0.5 – 
1.0 
1557 nil 
1.0 – 
1.5 
565 nil 
1.5 – 
2.0 
669 nil 
2.0 – 
2.5  
1059 nil 
2.5 – 
3.0 
1062 nil 
0.5 – 
1.0 
1587 nil 
1.0 – 
1.5 
730 nil 
1.5 – 
2.0 
807 nil 
2.0 – 
2.5  
1139 nil 
RECESS 
Research 
Centre, 
KUiTTHO 
2.5 – 
3.0 
1351 nil 
1.5 – 
2.25 
nil 3.2 
4.5 – 
5.25 
nil 3.1 
7.5 – 
8.25 
nil 2.8 
10.5 –
11.25 
nil 2.4 
Kg. Mat 
Lagam, 
Terengganu 
13.5 – 
14.25 
nil 2.7 
Nil: no research has been conducted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 6(a). Correlations of Index Properties   
(RECESS Research Centre, Johor). 
Equations Correlations Upper Limit Lower Limit 
Natural 
Moisture 
Content, wc & 
Depth, d 
d = 0.0148wc + 2.5357 
Natural 
Moisture 
Content, wc & 
Clay Particles, 
C 
C = 0.0732wc 
+ 11.191 
C = 0.863wc - 
49.722 
Specific 
gravity, Gs & 
Clay Particles, 
C 
C = -10.75Gs + 
43.735 
C = -300Gs + 
770 
Liquid limit, 
wL & Clay 
Particles, C 
C = 0.2474wL+ 
2.9242 
C = 0.4286wL - 
17.286 
Plasticity 
index, Ip & 
Clay Particles, 
C 
C = 0.0967IP + 
13.319 
C = 1.5118IP - 
34.355 
Plasticity 
index, Ip & 
Natural 
Moisture 
Content, wc 
w = 1.0279IP + 37.472 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6(b). Correlations of Index Properties (Kg. 
Mat Lagam, Terengganu). 
Correlation Equation 
Natural 
Moisture 
Content, wc & 
Organic Content 
Organic Content 
= 0.0716wc - 
2.9159 
Liquid limit, wL 
& Organic 
Content 
Organic Content 
= 0.0093wL + 
2.0156 
Specific gravity, 
Gs & Clay 
Particles, C 
C = -77.622Gs  + 
215.79 
Liquid limit, wL 
& Clay 
Particles, C 
C = 0.6884wL - 
38.519 
Plasticity index, 
Ip & Clay 
Particles, C 
C = 0.4333IP - 
3.883 
Plasticity index, 
Ip & Natural 
Moisture 
Content, wc 
wc = 0.2678IP + 
64.277 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Figure 2(a): Correlation for Index Properties 
                         (RECESS Research Centre, Johor) 
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Figure 2(b): Correlation for Index Properties 
                  (Kg. Mat Lagam, Terengganu) 
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 5. Conclusions 
This paper is basically studies on the engineering 
properties of soft soil. This research was divided into 
two parts which is index properties and chemical 
properties. The laboratory was done in order to 
achieve the research objectives. 
The characteristics of soils such as moisture 
content were very important in order to classify the 
type of soil that represents the sample. Table 7(a) and 
7(b) shows the summary of laboratory test results for 
all sample tested. According to the table, the soil was 
generally classified as clay with small percentage of 
fine sand and large percentage of silt and clay content. 
Specific gravity is in the range of 2.52 to 2.66 and 
2.43 to 2.53 with different depth. 
This soil was fine-grained soil with moisture 
content over 53.95 percent, liquid limit between 47.2 
to 73 and 78 to 92 percent, and plastic index with the 
value over 18 percent respectively. Organic content 
ranges from 2.4 to 3.2 percent. 
 
Table 7(a).  Engineering Properties of the soft clay  
(RECESS Research Centre, Johor). 
Parameter Range of Values 
Natural moisture content, 
w (%) 53.95 – 74.65 
Specific Gravity, Gs 2.52 – 2.66 
Liquid Limit, wL (%) 47.2 – 73.0  
Plastic Limit, wP (%) 19.83 – 34.28 
Plasticity Index, IP (%) 18.82 – 31.90 
Gravel, G 0 % 
Sand, Sd 0 % - 3 % 
Silt, St 84 % - 89 %  
Clay, C 8 % - 16 % 
Organic Content (%) Nil 
pH 6.23 – 7.52  
Conductivity (µm/cm) 565 – 1587  
Nil: no research has been conducted. 
 
Table 7(b).  Engineering Properties of the soft clay  
(Kg. Mat Lagam, Terengganu). 
Parameter Range of Values 
Natural moisture content, 
w (%) 77 – 85  
Specific Gravity, Gs 2.43 – 2.53  
Liquid Limit, wL (%) 78 – 92  
Plastic Limit, wP (%) 26 – 32  
Plasticity Index, IP (%) 48 – 67  
Gravel, G 0 % 
Sand, Sd 4 % - 35 % 
Silt, St 49 % - 69 %  
Clay, C 16 % - 27 % 
Organic Content (%) 2.4 – 3.2  
pH Nil 
Conductivity (µm/cm) Nil 
Nil: no research has been conducted 
 
As shown in Figure 2(a) and 2(b), the percentage 
of moisture content, liquid limit, plasticity index and 
organic content are tends to increase while the 
increment of particles clay. Regarding the analysis on 
relationship between specific gravity and particles 
clay, the increment of particles clay will decrease the 
specific gravity of the soil. 
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